Improving Thermal Performance of the Wall Panels Using Slotted Steel Stud Framing  by Lupan, Lidia Maria et al.
 Procedia Technology  22 ( 2016 )  351 – 357 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2016.01.108 
WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
,PSURYLQJ7KHUPDO3HUIRUPDQFHRIWKH:DOO3DQHOV8VLQJ6ORWWHG
6WHHO6WXG)UDPLQJ
/LGLD0DULD/XSDQD'DQLHOD/XFLD0DQHDD/LJLD0LKDHOD0RJDD
D7HFKQLFDO8QLYHUVLW\RI&OXM1DSRFD0HPRUDQGXPXOXL6WUHHW&OXM1DSRFD5RPDQLD
$EVWUDFW
1RZDGD\VDSSOLFDWLRQRIFROGIRUPHGVWHHO IUDPLQJDVVWUXFWXUDOHOHPHQWVKDGH[SHULHQFHGDJUHDWGHYHORSPHQWDQGFXUUHQWO\
WKLVV\VWHPLVPHW LQDOPRVWDOODVSHFWVRIPRGHUQOLIH>@7KHUHDUHPDQ\PRUHDGYDQWDJHV WKDQPLJKWDSSHDUDW ILUVWJODQFH
7KHLUGHYHORSPHQWLVKLJKOLJKWLQJWKHQHHGWREXLOGDVHDV\DQGDVVDIHLQDVKRUWWLPHDOODWWRSTXDOLW\DQGDIIRUGDEOHSULFH7KLV
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WKHUPDO SHUIRUPDQFH +\JURWKHUPDO FKDUDFWHULVWLFV RI WKH VHFWLRQV ZHUH GHWHUPLQHG XVLQJ WULGLPHQVLRQDO FRPSXWHU SURJUDPV
81250DQG$%$4866WDUWLQJ IURPDEDVLFSDWWHUQ WKHUHKDYHEHHQGHYHORSHG WZHOYH FDVHVRI SHUIRUDWLRQ7KHQHZ
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VKDSHDQGILYHYHUVLRQVZKHUHWKHJHRPHWULFDOVKDSHRIWKHVORWVKDVEHHQRWKHUWKDQWKHUHFWDQJXODURQHRYDOGLDPRQGHWF
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
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KHDWIORZHTXLYDOHQWWKHUPDOFRQGXFWLYLW\
,QWURGXFWLRQ
6LJQLILFDQW VKDUH RI WKH FRQVWUXFWLRQ LQGXVWU\ LQ WKH FRQVXPSWLRQ RI IRVVLO IXHOV UHTXLUHV FRQFHUQ IRU HQHUJ\
HIILFLHQF\ DQG HVWDEOLVKLQJ KLJK OHYHOV RI WKHUPDO SURWHFWLRQ UHTXLUHPHQW IRU QHZ EXLOGLQJV >@ 7R WKLV HQG WKH
SURJUHVVLYHFRQYHUJHQFHRYHU VHYHUDO \HDUV LQ WHUPVRIH[LVWLQJQHZFRQVWUXFWLRQZRXOGSURYLGHHQHUJ\VDYLQJV
UHGXFHRSHUDWLQJFRVWVRIEXLOGLQJVDQGUHGXFLQJHPLVVLRQVRIJUHHQKRXVHJDVHV

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$ IDYRUDEOH VROXWLRQ UHJDUGLQJ WKLV SUREOHP LV SURPRWLQJ QHZ WHFKQLTXHV GLIIHUHQW DQG LQQRYDWLYH QHHGV DQG
UHTXLUHPHQWVDULVLQJODWHO\RYHURWKHUPHWKRGVRIFRQVWUXFWLRQOHVVHQYLURQPHQWDOO\EHQHILFLDO2QHRIWKHODWHVWDQG
DGYDQFHG WHFKQRORJLHV LQ WKH ILHOG GHYHORSHG WRGD\ DUH WKRVH EDVHG RQ WKH XVH RI OLJKW VWHHO IUDPLQJ 7KH
FRQVWUXFWLRQ WHFKQRORJ\ LVZLGHO\XVHG LQFRXQWULHVZLWKFROGFOLPDWHVEHFDXVHRI WKHJRRG WKHUPDOSHUIRUPDQFH
DQGVWUXFWXUDOEHKDYLRXU7KHIDFWWKDWWKHVWHHOVWUXFWXUHLVUHF\FODEOHLVEHFRPLQJLQFUHDVLQJO\LPSRUWDQWLQD
ZRUOGZKHUHJRRGPDQDJHPHQWRIQDWXUDOUHVRXUFHVLVLQGLVSHQVDEOH
(VWDEOLVKLQJJHRPHWULFPRGHODQGFDOFXODWLRQPHWKRGV
*HRPHWULFPRGHO
1XPHULFDOFDOFXODWLRQVIRUGHWHUPLQLQJ WKHKHDW IORZDUHDSSOLHGIRUDSDQHOPDGHRIFROGVWHHO IUDPLQJ&
KDYLQJDWKLFNQHVVRIPP)LJ)RUWKHFORVXUHWKHVSDFHEHWZHHQWKHXSULJKWVLVILOOHGZLWKPLQHUDOZRRORI
FPZKLFKSURYLGHVWKHUPDOLQVXODWLRQOD\HU$IWHUWKDW OD\HUVRISO\ZRRGDUHPRXQWHGLQVLGHDQGRXWVLGH7KH
LQQHUFODGGLQJLVIRUPHGRISODVWHUERDUGSODWHVFPDQGWKHRXWHUFODGGLQJLVPDGHRI26%ERDUGFP


)LJ*HRPHWULFPRGHODQDO\]HG
7KHUPDOFRQGXFWLYLW\RIWKHXVHGPDWHULDOV
7KHWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDOVLVFRQVLGHUHGDVIROORZV
x 3ODVWHUERDUGȜ :P.
x0LQHUDOZRROȜ :P.
x26%SODWHVȜ :P.
x 6WHHOȜ :P.
)RU VORWWHG VWHHO IUDPLQJ ZLWK SHUIRUDWLRQ DQ HTXLYDOHQW WKHUPDO FRQGXFWLYLW\ KDV EHHQ GHWHUPLQHG XVLQJ
FRPSXWDWLRQDOFDOFXODWLRQV81250RUPDQXDOFDOFXODWLRQGHSHQGLQJRQWKHFDVH
%RXQGDU\FRQGLWLRQVDQGGLPHQVLRQV
,Q DQDO\VLQJ FRQVWUXFWLRQ V\VWHPV KHDW WUDQVIHU FRHIILFLHQW YDOXHV DUH FRQVLGHUHG DV LW IROORZV LQWHULRUĮVL  
:Pð.DQGRXWGRRUĮVH :Pð.6XSHUILFLDOWKHUPDOUHVLVWDQFHYDOXHVRIKHDWH[FKDQJHEHWZHHQLQVLGHDQG
WKHLQVLGHIDFHLV5VL Pð.:UHVSHFWLYHO\KHDWH[FKDQJHEHWZHHQWKHRXWHUDQGWKHRXWHUIDFHLV5VH 
Pð.:)LJ7KHVL]HRIWKHJHRPHWULFPRGHOLVFRQVLGHUHGDFFRUGLQJWRGHPDQGRILQWHUQDWLRQDOVWDQGDUG(1
,62>@DGLDEDWLFSODQV]HURKHDWIORZEHLQJORFDWHGDWPRIWKHFRUH7KHOHQJWKRIWKHSURILOHZDV
FRQVLGHUHGPP

 
)LJ%RXQGDU\FRQGLWLRQVUHJDUGLQJLQWHULRUDQGH[WHULRUWHPSHUDWXUHVLQ81250
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0HVKLQJHOHPHQWV
6LQFH WKHKHDW IORZ LV GHWHUPLQHG LQSURJUDPV XVLQJQXPHULFDOPHWKRGV DQ LPSRUWDQW VWHS LV WKHPHVKRI WKH
HOHPHQWV,Q$%$486VRIWZDUH>@WKHPHVKRIWKHVSDWLDOJHRPHWULFPRGHO)LJLVDFKLHYHGE\FKRRVLQJ WKH
ULJKW W\SHRIPHVKLQJHOHPHQWDQG ILQLWHHOHPHQWPRGHOGLYLVLRQ ,Q WKH VWXGLHGFDVHV WKHGLPHQVLRQRI WKH ILQLWH
HOHPHQWYDOXHVZDVP)RUOLQNDJHEHWZHHQQRGHV WRDFKLHYHWKHPRVWHIILFLHQWZD\RQGLYLGLQJVLQFHWKH
DQDO\VHG PRGHOV ZHUH WKUHHGLPHQVLRQDO DQG WKH VL]H RI WKH VHFWLRQV FRPSRQHQWV VKRZHG ODUJH YDULDWLRQV WKH
PHVKLQJW\SHFKRVHQZDV+(;


)LJ$%$486PHVKSDQQHOVHFWLRQ
,Q81250 >@ VSDWLDO JHRPHWULF SDWWHUQPHVK LV SHUIRUPHG DXWRPDWLFDOO\ E\ WKH FRPSXWHU SURJUDP )LJ 
UHVXOWLQJVSDWLDOPHVKQHWZRUN7KHGHJUHHRIVXEGLYLVLRQ LVFRQWUROOHGE\ LQWURGXFLQJ WKHQXPEHURIFHOOV ,Q WKH
VWXGIUDPLQJDUHDPHVKQHWZRUNZDVLQFUHDVHGZKLFKOHDGVWRWKHULVLQJRIQRGHVQXPEHU7KHQRGHVDUHSRVLWLRQHG
WDNLQJLQWRDFFRXQWSK\VLFDODQGJHRPHWULFDOGLVFRQWLQXLWLHVRIWKHLWHP


)LJ81250PHVKSDQHOVHFWLRQ
&DOFXODWLRQPHWKRGV
$V WKH DQDO\VHG FRQVWUXFWLRQ HOHPHQWV DUH WKUHHGLPHQVLRQDO ERGLHV WKH UHDO WKHUPDO ILHOG LV VSDWLDOO\ DQG
YDULDEOH ,QRUGHU WRVLPSOLI\YROXPHRIFXUUHQWGHVLJQFDOFXODWLRQV IRUGHWHUPLQLQJ WHUPRWHFKQLFDOFKDUDFWHULVWLFV
UHDOILHOGZDVUHSODFHGZLWKFRQVWDQWWKHUPDOILHOG


)LJ7KHGLVWULEXWLRQRIWHPSHUDWXUHVLQWKHSDQQHOVHFWLRQDFFRUGLQJ$%$486
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7RFDOFXODWHWKHKHDWIORZLQWKHFRQVLGHUHGVHFWLRQV81250LVXVLQJDVQXPHULFDOFDOFXODWLRQPHWKRGWKHILQLWH
GLIIHUHQFH PHWKRG DQG $%$486 LV XVLQJ ILQLWH HOHPHQW PHWKRG )LJ  DQG )LJ  DUH VKRZLQJ WHPSHUDWXUH
GLVWULEXWLRQVLPXODWHGLQZDOOVHFWLRQVJHQHUDWHGLQ$%$486UHVSHFWLYHO\81250VRIWZDUH



)LJ7KHGLVWULEXWLRQRIWHPSHUDWXUHVLQWKHZDOOVHFWLRQDFFRUGLQJ81250
7KHFDOFXODWLRQRIHTXLYDOHQWWKHUPDOFRQGXFWLYLW\
,QWKHSDSHUWKHUHKDYHEHHQVWXGLHGPXOWLSOHFDVHVRIWKHZD\WKHSURILOHZHUHSHUIRUDWHG$OO WKHUHVXOWVZHUH
FRPSDUHG ZLWK D UHIHUHQFH PRGHO ZKLFK ZDV FKRRVHQ UDQGRPO\ 7KH FKRVHQ EDVLF PRGHO ZDV D SURILOH & 
KDYLQJPPWKLFNQHVVDQGGLPHQVLRQDOFKDUDFWHULVWLFVDVVKRZQLQ)LJ7KHVL]HRIUHPRYHGVORWVDUHZLGWK
G  PP OHQJWK O  PP DQG DUH DUUDQJHG DW LQWHUYDOV RI H  PP RQ YHUWLFDOO\ GLUHFWLRQ DQG F  PP RQ
KRUL]RQWDOO\GLUHFWLRQ7KHQXPEHURIURZVRISHUIRUDWHGVHJPHQWVLVQ DQGWKHGLVWDQFHRQZLFKWKHSURILOHLVQRW
SHUIRUDWHGLVI PP

)LJ*HRPHWULFGHVFULSWLRQRIUHIHUHQFHPRGHO
6WDUWLQJ IURP WKH EDVLF PRGHO WKHUH KDYH EHHHQ GHYHORSHG WZHOYH FDVHV RI SHUIRUDWLRQ REWDLQHG E\ YDU\LQJ
FHUWDLQSDUDPHWHUVZKLFKDUHGHILQLQJWKHSHUIRUDWHGVHJPHQWVVHYHQYHUVLRQVZKHUHWKHVKDSHKDVEHHQUHFWDQJXODU
DQGILYHYHUVLRQVZKHUHWKHJHRPHWULFDOVKDSHRIWKHVORWVKDVEHHQRWKHUWKDQWKHUHFWDQJXODURQHRYDOGLDPRQG
HWF
,QWKHILUVWVHYHQFDVHVIRUVHJPHQWVKDYLQJDUHFWDQJXODUJHRPHWULFVKDSHWKHHTXLYDOHQWWKHUPDOFRQGXFWLYLW\
RIWKHSURILOHZHUHGHWHUPLQHGXVLQJ81250SURJUDPZKLFKKDVDVSHFLDOFDOFXODWLRQPRGXOHIRUGHWHUPLQLQJWKH
YDOXH)RURWKHUJHRPHWULFVKDSHVGHYHORSHG8QRUPSURJUDPRSWLRQVDUHOLPLWHGDQGWKHRQO\JHRPHWULFVKDSHWKDW
FDQ EH GHYHORSHG LV WKH UHFWDQJXODU RQH HTXLYDOHQW WKHUPDO FRQGXFWLYLW\ ZDV FDOFXODWHG XVLQJ WKH IROORZLQJ
IRUPXOD
  HT SHUI
L H
E  
8
O O
D D 
  
ZKHUH ȜSHUIHTXLYDOHQWWKHUPDOFRQGXFWLYLW\YDOXH>:P.@
ĮLVXSHUILFLDOKHDWWUDQVIHUFRHIILFLHQWRQWKHLQQHUVXUIDFH>:P.@
ĮHVXSHUILFLDOKHDWWUDQVIHUFRHIILFLHQWRQWKHRXWHUVXUIDFH:P.@
EGLVWDQFHRQZKLFKWKHSURILOHZDVSHUIRUDWHG>P@
8WKHUPDOWUDQVPLWWDQFHGHWHUPLQHGLQ$%$486VRIWZDUH>:P.@
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&DOFXODWLRQRIWKHKHDWIORZ
3HUIRUDWHGSURILOHVKDYLQJUHFWDQJXODUJHRPHWULFVKDSHVORWV
7KHIROORZLQJFDVHVDUHGHVFULELQJWKHVHYHQFDVHVRISHUIRUDWLRQFRQVLGHUHG
9DU , ± LV FKDUDFWHUL]LQJ WKH SURILOH LQ ZKLFK WKH GLVWDQFH ³H´ WZR SHUIRUDWHG VHFWLRQV LQ YHUWLFDO GLUHFWLRQ LV
EHWZHHQPPDQGPP
9DU,,±LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKOHQJWKRIWKH³O´YDULHVEHWZHHQPPDQGPP
9DU,,,LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKWKH³I´RQZKLFKWKHSURILOHLVQRWSHUIRUDWHGDQGYDULHVEHWZHHQ
PPDQGPP
9DU,9LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKWKH³F´EHWZHHQWZRSHUIRUDWHGVHFWLRQVLQWKHKRUL]RQWDOGLUHFWLRQ
YDULHVEHWZHHQPPDQGPP
9DU9LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKWKHZLGWK³G´YDULHVEHWZHHQPPDQGPP
9DU9,LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKWKHQXPEHURIURZVYDULHVEHWZHHQDQG
9DU9,,LVFKDUDFWHUL]LQJWKHSURILOHLQZKLFKWKHWKLFNQHVVYDULHVEHWZHHQPPDQGPP
7KHUHVXOWVDIWHUDQDO\]LQJVHYHQFXUYHV WUHQGVUHODWLQJWRFKDQJLQJZD\VRISHUIRUDWLRQDUHVXPPDUL]HGLQWKH
)LJ)LJ
3HUIRUDWHGSURILOHVKDYLQJRWKHUVKDSHVWKDQUHFWDQJXODURQH
9DU9,,,«9DU;,,±LVFKDUDFWHUL]LQJVWHHOSURILOHVLQZKLFKWKHDUHDVRISHUIRUDWHGVHJPHQWVZHUHSUHVHUYHG
DVWKHEDVLFPRGHOEXWWKHJHRPHWULFDOVKDSHLVYDULHG)LJ


 
)LJD(IIHFWRIPRGLI\LQJGLVWDQFH³H´EHWZHHQWZRYHUWLFDOO\SHUIRUDWHGVHJPHQWVE(IIHFWRIPRGLI\LQJOHQJWKSHUIRUDWLRQ³O´
  
)LJD(IIHFWRIPRGLI\LQJWKHGLVWDQFH³I´RIZKLFKWKHSURILOHLVQRWSHUIRUDWHGE(IIHFWRIPRGLI\LQJGLVWDQFH³F´EHWZHHQWZR
SHUIRUDWHGVHJPHQWLQWKHKRUL]RQWDOGLUHFWLRQ
D E
D E
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 
)LJD(IIHFWRIPRGLI\LQJZLGWK³G´RIWKHSHUIRUDWHGVHJPHQWE(IIHFWPRGLI\LQJWKHQXPEHURISHUIRUDWHGOLQHV³Q´

)LJ(IIHFWRIPRGLI\LQJWKLFNQHVV³W´SURILOH

)LJ3HUIRUDWHGSURILOHVKDYLQJRWKHUVKDSHVWKHQUHFWDQJXODURQH

)LJ+HDWIORZYDOXHVREWDLQHGXVLQJSHUIRUDWHGSURILOHVKDYLQJRWKHUVKDSHVWKHQUHFWDQJXODURQH
&RQFOXVLRQV
7KHUHVXOWVVKRZWKDWWKHUHLVDFRUUHODWLRQEHWZHHQSHUIRUDWHGJHRPHWU\RIVWHHOSURILOHVDQGWKHDPRXQWRIKHDW
IORZ SDVVLQJ WKH HOHPHQW 7KHUPDO FRQGXFWLYLW\ DQG WKHUPDO UHVLVWDQFH LV EHLQJ LQIOXHQFHG )RU WUHQGV RI FXUYHV
DQDO\]HG LQ VHYHQRSWLRQVRISHUIRUDWLRQFDOFXODWLRQUHVXOWVVKRZHG WKDW WKHHQHUJ\HIILFLHQF\VHFWLRQRI WKHZDOO
ULVHVZLWK
D E
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'HFUHDVHRIGLVWDQFHEHWZHHQSHUIRUDWLRQERWKYHUWLFDOO\DQGKRUL]RQWDOO\
/RFDWLRQSHUIRUDWLRQVWRWKHKHDUWSURILOH
'HFUHDVHGRIWKLFNQHVVSURILOH
,QFUHDVLQJWKHQXPEHURIURZVRIKROHVDQGWKHLUOHQJWK
,QFUHDVLQJWKHGLPHQVLRQRISHUIRUDWLRQ
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